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Abstract - Breast cancer is a severely aggressive disease in women
worldwide and its diagnosis at the early stage gives her a great
option for treatment. Despite physical examination for detecting
the breast tumors, biomarkers are helpful for treatment and
identification. In this study, hormones (such as progesterone (PR),
estrogen (ER), prolactin (PRL)) and proteins (CA 15-3, lactate
dehydrogenase (LDH), B-2-microglobulin (2-M)) were estimated
in serum of 80 paired samples of normal and breast cancer women
using Cobas 6000. The Pvalue (p< 0.05) was used to statistical
significance. In normal cases, age factor was negatively correlated
with PR (r2=-0.5) and positively correlated with ER (r2=0.5). The
serum CEA level was negatively linked to ER(r2=0.5), but
positively linked to PRL(r2=0.5) and CA 15-3 (r2=0.8). Moreover,
the serum CA 15-3 level had a negative correlation with ER(r2=-
0.6) and a positive correlation with PRL(r2=0.5). Serum PRL was
positively related with ER(r2=0.6), but serum ER level had a
negative correlation with PR(r2=-0.4). However, the age factor in
patient with breast cancer was negatively correlated with the
serum ER level(r2=-0.5), and positively correlated with serum CA
15-3(r2=0.4) and P2-M(r2=0.5). The serum p2-M level had a
positive correlation with each of PRL(r2=0.4), CA 15-3(r2=0.7),
CEA(r2=0.5), and LDH(r2=0.6). In addition, the serum LDH level
had a positive correlation with each of PRL(r2=0.5), CA 15-
3(r2=0.8), and CEA(r2=0.5). The serum CEA level was positively
related to CA 15-3(r2=0.7), while the serum CA 15-3 was positively
correlated with PR(r2=0.5). These results showed evidences that
this strategy may be promising for breast cancer early diagnosis
and treatment.
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L INTRODUCTION

Despite the decrease in mortality rate of breast cancer, breast
cancer is one of the precarious cancer in women over the past
several decades (Majed and Mustafa, 2021). The early detection
and identification of this form of cancer gives a woman more
alternatives when it comes to treatment options. Although
physical examination breast malignancy, such as
mammography and ultrasonography, is believed to be the best
procedure for diagnosing the breast tumor, there are growing
worries about the possibility of cancer overdiagnosis (Welch et
al., 2016). Serum biomarkers, such as hormones and proteins,
are used for diagnosing and treating breast cancer at early stage
(Robles-Frias et al., 2005). The staging system of TNM (tumor,
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nodes, and metastasis) has been a great classification developed
by the American Joint Committee on Cancer (AJCC). The
presence of axillary lymph node metastases is reported to be
related to tumor size (Majed and Mustafa, 2021).

Hormones of progesterone (PR) and estrogen (ER) are the
potential biomarkers for early diagnosis of breast cancer. In
normal breast, progesterone plays a key role in controlling the
lobular growth and estrogen can control the duct growth
(Allison et al.,, 2020b). According to a new study, their
receptors are overexpressed in the majority of breast malignant
cells, resulting in a steady increase in breast cancer risk (Lange
and Yee, 2008). Another study showed that there are
correlations between estrogen receptor, progesterone receptor,
and patient features in human breast cancer (Allison et al.,
2020a).

Prolactin (PRL) is another hormone that is secreted by the
cells of lactotroph of the front lobe of the pituitary gland. It is
also generated by other tissues, for instance, lymphocytes, the
mammary gland, placental decidua, prostate, and uterus
(Robles-Frias et al., 2005). The biological functions of PRL are
mediated via prolactin receptors. PRL serves as also stimulator
for epithelial cell proliferation, DNA synthesis, and breast milk
production (Robles-Frias et al., 2005, Rahman et al., 2014). The
rising epidemiological and experimental proof indicates the
function of PRL in breast tumorigenesis. It is alike to the
development of normal mammary gland. The process of breast
carcinogenesis is usually hormonally dependent (Radke et al.,
2006, Radke et al., 2017, Kavarthapu et al., 2021).

The protein CA15-3 is an excellent biomarker and a type of a
glycoprotein that belongs to a wide group of proteins. This
protein is encoded by the MUCI gene, which is elevated prior
to surgery. CA15-3 is a breast cancer prognostic and tumor
burden factor that is unaffected by other factors. For instance,
they could be utilized in clinical contexts to define adjuvant
treatment and predict patient outcomes (Zhao et al., 2021).
CA15-3 can be used in conjunction with a physical
examination, diagnostic imaging, and a patient's medical
history. The CA15-3 test is particularly useful for determining
the recurrence of illness and response to treatment (Li et al.,
2020).

B2-microglobulin (B2-M) is a nonglycosylated protein.
Expression level of this can promotes the growth and survival
of cancer cells via the stimulation of vascular endothelial
growth factor (VEGF) signaling pathway, protein kinase A
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(PKA)/cAMP-responsive element binding protein (CREB). It
was also found to play a key role in cancer cell survival through
the pathways of extracellular signal-regulated kinase (ERK)
and phosphatidylinositol 3-kinase (PI3K)/Akt (Li et al., 2014,
Wang et al, 2021). Previous studies showed that its
overexpression levels are recorded in different cancers,
including breast cancer, liver cancer, gastrointestinal cancers,
prostate cancer, renal cell carcinoma, small cell lung cancer,
and thyroid cancer (Josson et al., 2011).

Lactate dehydrogenase (LDH) in serum is found to be
involved in performing anaerobic glycolysis. A previous study
revealed that a significant increase in the number of malignant
cells is influenced by the increased level of LDH in the cytosol
of cells. This in breast cancer patients results in a significant
increase in serum LDH levels (Said, 2019). The elevated level
of LDH satisfies the malignant cells' need for anaerobic and
metabolic glycolysis. The level of serum LDH in breast cancer
patients is shown to be very high. This is similar to clinical
TNM staging (Jia et al., 2018). The increased level of LDH
reveals these changes and suggests that tumor angiogenesis,
tumor growth circumstances, and tumor burden are all
becoming more problematic. All of this contributes to the poor
prognosis of cancer patients (Pelizzari et al., 2018).

The objective of this study is to find the correlation
coefficient among PR, ER, PRL, CA15-3, LDH and 2-M in
normal and breast cancer women.

11 MATERIALS AND METHODS

A. Sample collection

The present research is a type of prospective research. The
samples were taken from individuals who attended the private
BIO laboratory. Eighty paired blood samples from breast
cancer cases and normal cases, who were not exposed to
chemotherapy, hormonal therapy and radiation. All research
cases obtained written informed consent and approval for
publication. The Human Research Ethics Committee (HREC)
at Salahuddin University-Erbil had previously approved all

C. Statistical analysis

GraphPad Prism software, version 8.4, was applied to
analyze data and find out coefficient of correlation among the
indicators. The experiment's findings are displayed as mean
standard deviations. A one-way ANOVA test was used to
compare the parameters in the various study groups. The
Pvalues (P < 0.05) were considered significant in this regard.
To assess the correlation between the different parameters in
each patient group, the person relationship coefficient (r) was
used.

111 RESULTS

A. The role of PR, ER, PRL, CA15-3, LDH and 2-M in
healthy women

The outcomes of the parameters (PR, ER, PRL, CA15-3, CEA,
LDH and 2-M) in both healthy and unhealthy women were
analyzed to determine the effect of the breast cancer on these
parameters. It seems that a noticeable difference was found
between cases with breast cancer and healthy cases in the
expression level of all the hormonal levels and protein levels.
Table 1 showed the coefficient correlations among the
parameters for the breast. It seems that there was a negative
relationship between PR and age, which was r?= -0.5; whereas,
this relationship between these variables was positive by 1> =
0.5. Besides, a positive association between age and both LDH
and B2-M levels in healthy cases was found to be r* = 3 and 2
respectively. However, it can be also seen that the coefficient
correlation, which was 12 = -0.5, between CEA and ER was
similar with CEA and PRL; whilst, the coefficient correlation,
which made up r* = 0.8, between CEA and CA 15-3 was
significantly positive. Similarly, the coefficient correlation,
which constituted r?= -0.6, between CA 15-3 and ER was
almost the same as observed between CA 15-3 and PRL.
However, a significant correlation between ER and PRL was
found, which made up r*= 0.6.

Table 1: Correlation among age, PR, ER, PRL, CA15-3, LDH, and f2-M in
normal women, pvalue <0.05.

procedures used during the study (Reference No. 4d/132).

. Factors Age p2-M LDH CEA CAl15- PRL ER
B. Concentration level measurement of the hormonal 3
levels, and protein levels o ~ "PRmgmL) 05 02 02 04 03 01 -04
The concentration level of seven indicators; including gR (pg/mL) 0.5 0.1 0.1 05 -0.6 0.6
hormones (Progesterone (PR), Estrogen (ER), Prolactin (PRL), PRL (ug/L) 0.1  -0.02 -04  -0.5 -0.5

and  proteins  (Cancer  antigen 15-3  (CAl15-3), CA15-3 04 04 0.1 0.8
Carcinoembryonic antigen (CEA), Lactate Dehydrogenase (U/ml)
(LDH), and Beta-2 microglobulin ($2-M)) was estimated at the CEA (ng/mL)  -03  -0.3 0.2

. . LDH (IU/L 0.3 -0:2
private BIO laboratory. To obtain the accurate result, the ( )

B2-M (mg/L) 0.2
concentration level of all the indicators were immediately -
measured after withdrawing the blood from the cases. p
Approximately 5 milliliters of blood were received and allowed
to clot at ambient temperature for 10 minutes in hollow
disposable centrifuge tubes. The samples were then centrifuged
at 3000 xg for 3 minutes.

Before being analyzed for these parameters, the serum
samples were kept and separated at a temperature of -20°C. By
using Cobas 6000 analyzer, the serum of them was estimated.
The kit was provided by Aviva systems biology, USA.

The role of PR, ER, PRL, CA15-3, LDH and 2-M in
breast cancer women

Table 2 displayed the coefficient correlations among the
parameters (PR, ER, PRL, CA15-3, CEA, LDH and 2-M) for
the women with breast cancer. There was a positive correlation
between age and P2-M in patients with breast cancer. The
coefficient correlation was r2 = 0.5. Similarly, this association,
which made up r2 =0.4, was found between age and CA15-3. It
appears that the coefficient correlation, which makes up 0.2,
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between age and PRL in the patients diagnosed with breast
cancer was similar to the correlation between age and LDH. It
can be seen that there is a significant association, which
constituted r = 5 between the age and content level of ER in
health women; whereas, the coefficient correlation in the
women with breast cancer was inversely significant by 2 = -5.
Furthermore, the content level of ER and PRL have a positive
relationship in healthy women. The coefficient correlation was
12 = 6. This relationship, that makes up r2 = -1, between them
was inversely negative for women with breast cancer. On the
other hand, a negative relationship between PRL and PROG in
healthy cases were showing by r2=-0.1 in comparison to cases
with breast cancer (r2= 0.3).

Interestingly, the concentration level of CA 15-3, CEA, PRL,
LDH and B2-M in patients with breast cancer compared to
healthy women was revealing a significant correlation in table
2. The correlation between CA 15-3 and CEA is most
significantly positive in both healthy women and women with
breast cancer. The coefficient correlation between them was
made up 0.7 for healthy women, compared with 0.8 for women
with breast cancer. The CA 15-3 and LDH in women diagnosed
with breast cancer were significantly correlated by r2 = 0.8
compared to only -0.07 for healthy women. Similarly, the CA
15-3 and f2-M in women with breast cancer were significantly
linked by 12 = 0.7 compared to -0.4 for normal women.
Furthermore, there was a positive correlation between the CA
15-3 and prolactin in women diagnosed with breast cancer. The
coefficient correlation was r2 =0.5. Likewise, the prolactin and
LDH had the same coefficient correlation in women with breast
cancer. However, the coefficient correlation between f2-M and
LDH was 12 = 0.6 in comparison with the concentration level
of f2-M and PRL, which constitute 12 = 0.4 for women with
breast cancer. Table 3 shows the comparison of six biomarkers
in women with breast cancer and controls using multiple
comparisons of least significant difference (LSD). The results
were statistically evaluated using one-way analysis of variance
(ANOVA) and LSD tests. The findings revealed a in/significant
correlation between biomarkers of PR, ER, PRL, CA15-3,
LDH, and 2-M.

Table 2: Correlation among age, PR, ER, PRL, CA15-3, LDH, and f2-M in

women with breast cancer, pvalue <0.0
<0.0

Factors Age B2M IDH CEA CAI153 PRL ER
PR (ng/mL) 00 005 0l 0.1 02 03 -0l
ER (pg/mL) 05 03 01 02 -0.3 -0.1
PRL (ng/L) 02 04 0.5 0.1 0.5

CA 15-3 (U/ml) 04 07 0.8 0.7

CEA (ng/mL) 001 05 0.5

LDH (IU/L) 02 06

p2-M (mg/L) 05
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Table 3: Serum concentrations of hormones and proteins of (normal) and
(breast cancer) groups

Factors Control Breast cancer LSD
No 80 80

PR (ng/mL) 0.65+0.75 2.70£3.24 0.3
ER (pg/mL) 120.61+72.31 232.10+£110.03 16.14
PRL (pg/L) 18.67+93.41 33.13£95.28 2.1
CA 15-3 (U/ml) 11.35+2.94 395.01+116.84 3.81
CEA (ng/mL) 1.30+0.48 7.19+1.40 0.6
LDH (IU/L) 171.31+22.55 379.54+165.22 183
$2-M (mg/L) 0.74+0.35 3.63£2.26 0.4

Note: Each value represents mean + SD values. Pvalue was
considered significantly differences (P< 0.05). No: Number of
cases. SD: Standard deviation. LSD: Least Significant
Difference.

C. Comparison of PR, ER, PRL, CA15-3, CEA, LDH,
and f2M between normal and breast cancer groups

A total of 160 females examined separately in this Study,
80 without evident breast disease and 80 were with breast
cancer as shown in table 3. Concentrations of all parameters are
significantly elevated comparing to normal group. This
indicates that there is a highly extensive correlation between
breast cancer and raised the parameters levels. Since the
disparity of prolactin over the menstrual cycle is
inconsequential compared to its level in breast cancer patients,
menstrual cycle status has not been taken into account. A
substantial difference was observed in the level of prolactin PR
(2.70+3.24 ng/mL) whereas the range was 0.65+0.75 in healthy
groups. Likewise, the results showed that ER levels were
significantly and positively correlated with patients with breast
cancer (LSD: 16.14). Additional clinical factors such as ER,
PRL, CA 15-3, CEA, LDH and 2M can carry an indication
that there is a weighty relationship in breast cancer with raised
tested parameters.
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1. DISCUSSION

Breast cancer is one of the most lethal diseases in women all
over the world. It is regarded as the second-worst distortion (Hu
et al., 2021). The previous studies show that hormones like
estrogen (ER) and progesterone (PR) can affect certain forms
of breast cancer. Cancer cells in the breast have receptors
(proteins) that bind to serum ER and PR, allowing them to
proliferate. Hormone therapy is found to be a treatment that
prevents hormones from binding to these receptors (Treeck et
al., 2020, Madak-Erdogan et al., 2019, Saha et al., 2019). Saha
and his colleagues confirm that after menopause, higher levels
of it in the serum have been related to a high risk of breast
cancer in females (Saha et al., 2019). However, a new study
showed that the amount of serum PR produced by a woman's
ovaries has also been linked to her risk of breast cancer.
Exposure to this hormone for a long time and/or at high levels
has been associated to an elevated risk of breast cancer (Trabert
et al., 2020).

However, a higher level of serum CA 15.3 suggests a bad
outcome and a higher risk of occult disease. The higher the CA
15.3 level, the worse the prognosis in breast cancer patients.
This is a concerning aspect of the first occurrence in patients
with advanced breast cancer (Hing et al., 2020). A new study
states that the presence of a greater amount of serum CA 15-3
differs from metastatic site than the primary tumor (Goodwin et
al., 2021). Another study shows that the greater values of
biomarker are observed in metastatic breast cancer patients, as
compared to the primary breast cancer patients and also in
contrast to people with greater values of biomarker before
surgery (Ruswendro et al., 2021).

However, beta-2-microglobulin ($2-M) in breast cancer has
been shown to operate as a growth factor and signaling
molecule. The goal of the study is to investigate the mechanism
of B2-M activity in breast cancer by characterizing p2-M
expression in molecular subtypes of the disease (Schuh, 2019).
Serum levels of f2-M have been found to be higher in breast
cancer patients. Serum B2-M levels in cases with breast cancer
were considerably greater than those in individuals with benign
breast tumors, according to an immunohistochemistry (IHC).
Furthermore, patients with the four molecular subtypes had
significantly varied amounts of P2-M protein expression in
breast cancer cells (Jongvilaikasem et al., 2021).

However, because serum biomarkers are relatively easy and
inexpensive to assess, regular measurements of their values
provide crucial information for earlier detection of recurrence
of the breast cancer (Marques et al., 2018, Jain et al., 2021). The
majority of studies that investigate the relationship between
breast cancer risk and prolactin (PRL) expression level focus on
circulating PRL levels. However, in addition to acting as an
endocrine hormone, the serum PRL produced locally by
mammary cells has an effect on autocrine cells or neighboring
paracrine cells (Shams et al., 2021, Chen et al., 2021, Craig et
al., 2021). The serum PRL hormone appears to have a
significant role in the breast cancer progression by blocking
apoptosis and increasing cell proliferation, according to
previous study. Furthermore, this hormone promotes cell
motility and angiogenesis and this is a common cause of cancer
metastasis(Motamedi et al., 2020).
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Another study shows that all of the verified studies were
pooled to provide a huge sample size. This made it possible to
obtain more consistent results with more statistical power. This
method assisted in the discovery of a link between breast cancer
risk and plasma prolactin levels. Further research revealed that,
in addition to serving as a bio marker, prolactin may be a cause
of breast cancer. Serum LDH levels were shown to be higher in
patients with breast cancer, and this was linked to the size of the
tumor and clinical stage (Wang et al., 2021). Other previous
studies had come up with the same conclusions (Varma et al.,
2021).

V- Conclusion

Levels of hormones (PR, ER, and PRL) and proteins (CA15-
3, LDH, and B2-M) were positively or negatively correlated
with breast cancer women. The high/low levels of them were
also relatively correlated with each other. In addition, the high
levels of them were linked with poorer overall survival result.
These hormones and proteins may be used as biomarkers for
diagnosing breast cancer at the early stage.
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